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JHQHUDWLRQ WR WKH /3 UHOD[DWLRQ RI D VHW SDUWLWLRQLQJ IRUPXODWLRQ ,QVWHDG/L DQG/LP  KDYH GHVLJQHG D
7DEXHPEHGGHG 6LPXODWHG $QQHDOLQJ $OJRULWKP 76$$ IRU WKH093'37: WKDW UHVWDUWV D VHDUFK IURP WKH
FXUUHQWEHVWVROXWLRQDIWHUVHYHUDOQRQLPSURYLQJLWHUDWLRQV7KHFRPSXWDWLRQDOUHVXOWVKDYHXQGHUOLQHGWKDW76$$
LVWKHEHVWSHUIRUPLQJDSSURDFKWRVROYHODUJHVFDOH093'37:DQGWKHUHIRUHLWZLOOEHFRQVLGHUHGKHUHDIWHUDV
UHIHUHQFHKHXULVWLF+RZHYHUWKHVHVFLHQWLILFFRQWULEXWLRQVKDYHFRQVLGHUHGWKH6LQJOHREMHFWLYH3'37:,QWKLV
SDSHUD0XOWLREMHFWLYH093'37: 02093'37: LVDGGUHVVHGIRUPLQLPL]LQJFȌDQGȝ$W WKHEHVWRI
RXUNZQROHGJH WKHRQO\H[LVWLQJFRQWULEXWLRQ IRU02093'37: LV WKHSDSHURI+DUEDRXL.DPPDUWL.VRXUL
DQG%RUQHLQZKLFKDJHQHWLFDOJRULWKPIRUPLQLPL]LQJFDQGWKHWRWDOWDUGLQHVVWLPHKDVEHHQSURSRVHG
+RZHYHUWKHPLQLPL]DWLRQRIȝKDVEHHQQRWWDNHQLQWRFRQVLGHUDWLRQDQGWKHTXDOLW\RIWKHSURSRVHGDSSURDFK
KDVQRWEHHQLQYHVWLJDWHGE\XVLQJPDWKHPDWLFDOPHWULFV7KHPDLQJRDORIWKLVSDSHULVWRGHILQHDQDSSUR[LPDWH
ɽFRQVWUDLQWEDVHGVROXWLRQDSSURDFKIRU02093'37:ZKRVHHIIHFWLYHQHVVZLOOEHGLVFXVVHGZLWKUHIHUHQFHWR
WKHQXPEHURIQRQGRPLQDWHGVROXWLRQVȘDQGWRWKHGLYHUVLW\RIWKLVVHWE\FRQVLGHULQJWKH6SUHDGPHWULF7KH
H[SHULPHQWDODQDO\VLVZLOOEHFRQGXFWHGRQDVXEVHWRIWKHLVWDQFHVSURSRVHGLQ/LDQG/LP
$PDWKHPDWLFDOPRGHOIRUWKH02093'37:
,Q WKLV6HFWLRQ02093'37: LVPDWKHPDWLFDOO\PRGHOHG LQRUGHU WRPLQLPL]HFȌ DQGȝ ,QSDUWLFXODU
6HFWLRQ  SUHVHQWV DPDWKHPDWLFDO IRUPXODWLRQ IRU62093'37: 0ZKHUHDV 6HFWLRQ  H[WHQGV0 WR
02093'37:0
$PDWKHPDWLFDOPRGHOIRUWKH62093'37:
62093'37: LVPDWKHPDWLFDOO\ IRUPXODWHGDVD0,/3 LQWURGXFLQJWKHIROORZLQJGHFLVLRQYDULDEOHV NLM[ D
ELQDU\YDULDEOH HTXDO WR  LI WKH DUF LM EHORQJV WR WKH URXWHN LH  WKHYHKLFOHN XVHV LW  RWKHUZLVH NL% D
FRQWLQXRXV YDULDEOH WKDW UHSUHVHQWV WKH WLPH DW ZKLFK WKH YHKLFOH N VWDUWV VHUYLQJ WKH YHUWH[ L NL4 DQ LQWHJHU
YDULDEOH WKDW GHQRWHV WKH UHPDLQLQJ FDSDFLW\ RI WKH YHKLFOH N EHIRUH OHDYLQJ WKH YHUWH[ L N\ D ELQDU\ YDULDEOH
HTXDOWRLIWKHYHKLFOHNLVXVHG7KHPDWKHPDWLFDOIRUPXODWLRQRI62093'37:DVVXPHVWKHIROORZLQJIRUP
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7KHREMHFWLYHIXQFWLRQWRPLQLPL]HFRPELQHVFDQGȝE\LQWURGXFLQJDSDUDPHWHUįWKDWUHSUHVHQWVWKHFRVWRI
XVLQJDYHKLFOHDVVXPHGHTXDOIRUDOOYHKLFOHVWKHFRQVWUDLQWVLPSRVHWKDWHDFKUHTXHVWKDVWREHVDWLVILHG
ZKHUHDVWKHFRQVWUDLQWVHQVXUHWKHSDLULQJFRQGLWLRQV7KHFRQVWUDLQWVDQGDVVXUHWKDWIRUHDFKURXWH
RQO\ RQH DUF OHDYHV WKH GHSRW DQG RQO\ RQH DUF HQWHUV LW UHVSHFWLYHO\ 7KH FRQVWUDLQWV  DQG  OLQN WKH [
YDULDEOHVWRWKH\YDULDEOHVLIDWOHDVWRQHDUFLMWUDYHUVHGE\WKHYHKLFOHNH[LVWVWKHQNKDVWREHFRQVLGHUHG
XVHG   N\  RQ WKH RWKHU KDQG LI N GRHV QRW WUDYHUVH WKH DUF LM WKHQ WKH FRUUHVSRQGLQJ [YDULDEOH LV 
0RUHRYHU : LV D ODUJH QRQQHJDWLYH VFDODU 7KH FRQVWUDLQWV  DUH WKH IORZ FRQVHUYDWLRQ FRQVWUDLQWV
_ zz QLL9L DQGWKH\LPSRVHWKDW .NQLL9L zz   WKHQXPEHURILQJRLQJDUFV
KDVWREHHTXDO WRWKHQXPEHURIRXWJRLQJDUFV7KHFRQVWUDLQWVHQVXUHWKDWHDFKYHUWH[LQDURXWHKDVWREH
VHUYHG DIWHU LWV SUHGHFHVVRU 7KH FRQVWUDLQWV  SURSHUO\ XSGDWH WKH UHPDLQLQJ FDSDFLW\ RI D YHKLFOH EHIRUH
OHDYLQJDYHUWH[ZKHUHDVWKHFRQVWUDLQWVLPSRVHWKHSUHFHGHQFHFRQVWUDLQWV7KHFRQVWUDLQWVDVVXUHWKDW
WKH ORZHUERXQGVRQ HDFK WLPHZLQGRZDUH VDWLVILHG ,QRUGHU WR FRQVLGHU WKH VDPH IUDPHZRUNRI/L DQG/LP
 D WKUHVKROGL LV LQWURGXFHG IRU UHSUHVHQWLQJ WKH IOH[LELOLW\GHJUHHRI WKHYHUWH[ L7KHFRQVWUDLQWV 
LPSRVH WKDW WKH XSSHU ERXQGV RQ WKH WLPH ZLQGRZV DUH VDWLVILHG 7KH FRQVWUDLQWV  DVVXUH WKDW4 LV QHYHU
H[FHHGHGLQHDFKURXWH)LQDOO\WKHFRQVWUDLQWVDQGLPSRVHWKHELQDU\FRQGLWLRQVRQWKH[YDULDEOHVDQG
\YDULDEOHVUHVSHFWLYHO\7KLVIRUPXODWLRQVLJQLILFDQWO\H[WHQGVWKHRQHSURSRVHGLQ5RSNHDQG&RUGHDX
H[SOLFLWO\PLQLPL]LQJȝDQGPRGLI\LQJWKHWLPHZLQGRZFRQVWUDLQWV
_`^ .NML9MLNLM[ z 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$PDWKHPDWLFDOPRGHOIRUWKH02093'37:
,QWKLVVHFWLRQ02093'37:LVPRGHOHGFRQVLGHULQJWKHIROORZLQJWKUHHREMHFWLYHIXQFWLRQVWRRSWLPL]H


ZKHUHDQGUHSUHVHQWWKHPLQLPL]DWLRQRIFȝDQGȌUHVSHFWLYHO\7KHVHWRIFRQVWUDLQWV²
DUHDOVRLQFOXGHGLQWKHPRGHOWRJHWKHUZLWKWKHFRQVWUDLQWVIRULPSRVLQJWKDWȌ!LVJUHDWHURUHTXDOWRWKH
WRWDOWUDYHOFRVWRIHDFKGHVLJQHGURXWH


7KHUHIRUHWKHPRGHOWDNHQLQWRFRQVLGHUDWLRQKHUHDIWHULV²²
$QDSSUR[LPDWHFRQVWUDLQWEDVHGVROXWLRQDSSURDFKIRUWKH02093'37:
6LQFHWKHPRGHO²²FDQQRWEHHIILFLHQWO\VROYHGWKH(IILFLHQW3DUHWR)URQWVKDYHEHHQ
DSSUR[LPDWHG E\ GHILQLQJ WKH IROORZLQJ RSWLPL]DWLRQ PRGHO EDVHG RQ ELQDU\ URXWHV YDULDEOHV LQ ZKLFK ȍ
UHSUHVHQWV D VHW RI IHDVLEOH URXWHV FȦ GHQRWHV WKH FRVW DVVRFLDWHG WR WKH  URXWH Ȧȍ ʌȦ LV D ELQDU\ GHFLVLRQ
YDULDEOHHTXDOWRLIWKHURXWHȦLVVHOHFWHGDQG=LVDELQDU\LQSXWPDWUL[LQZKLFK]LȦHTXDOWRLIWKHSLFNXSLLV
VHUYHGE\WKHIHDVLEOHURXWHȦ


 



ZKHUH   DQG  PLQLPL]H WKH WRWDO WUDYHO FRVW WKH PDNHVSDQ DQG WKH QXPEHU RI XVHG YHKLFOHV
UHVSHFWLYHO\WKHFRQVWUDLQWVLPSRVHWKDWHDFKSLFNXSLVVHUYHGE\RQHDQGRQO\RQHYHKLFOH7KHUHIRUHIRUD
JLYHQLQVWDQFH*WKHDSSUR[LPDWHFRQVWUDLQWEDVHGDSSURDFKVHH*UDQGLQHWWLHWDOIRUH[DPSOHILUVWO\
GHWHUPLQHV YDOLG ORZHU DQG XSSHU ERXQGV RQ ȝ F DQGȌ 7KHQ LW SURSHUO\ SRSXODWHVȍ ZLWK IHDVLEOH URXWHV
JHQHUDWHGE\76$$)LQDOO\LWVHOHFWVIURPȍDVHWRIURXWHVE\VROYLQJVLQJOHREMHFWLYHSUREOHPV6HFWLRQ
SURSHUO\GHULYHGIURP²7KHORZHUERXQGRQȝP LVVHWHTXDOWRWKHRQHRIWKHEHVWVROXWLRQREWDLQHG
E\76$$ZKHUHDVWKHORZHUDQGXSSHUERXQGVRQFDQGȌ <F DQG <F UHVSHFWLYHO\DUHHTXDOWRWKHEHVWDQG
WKHZRUVWYDOXHVGHWHFWHGE\76$$ ,QGHHGVLQFH76$$RSWLPL]HVDZHLJKWHGVXPWKDWFRPELQHVȝF WKHWRWDO
ZDLWLQJWLPHDQGWKHWRWDOVFKHGXOHWLPHLWKDVEHHQH[HFXWHGGLIIHUHQWWLPHVYDU\LQJWKHVHZHLJKWV7KHEHVWDQG
WKHZRUVWYDOXHVKDYHEHHQGHWHUPLQHGRYHUDOOWKHSHUIRUPHGUXQV
*HQHUDWLQJQRQGRPLQDWHGVROXWLRQV
,Q WKH SURSRVHG DSSUR[LPDWHFRQVWUDLQW DSSURDFK ȝ FRPHV LQWR SOD\ DV D SDUDPHWHU LH IL[HG DW HDFK
PDFURLWHUDWLRQ 6LQFH LW YDULHV IURP P WR P  WKH RSWLPL]DWLRQ SURFHVV PLQLPL]HV DOO WKH WKUHH REMHFWLYHV
VLPXOWDQHRXVO\7KHQWZRVLQJOHREMHFWLYHIRUPXODWLRQV3DQG3DUHGHGXFHGE\²)RUHDFKYDOXH
RIȝWKHSUREOHP3PLQLPL]HVFDQGLPSRVHVDQXSSHUOLPLWRQȌ7KHUHIRUHLWVREMHFWLYHIXQFWLRQWRPLQLPL]H
LVVXEMHFWWRDQGDQGWKHIROORZLQJFRQVWUDLQWV



 
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ZKHUHFRQVWUDLQWVHQVXUHWKDWȌLVJUHDWHURUHTXDOWRWKHFRVWRIHDFKURXWHFRQGLWLRQLPSRVHVDOLPLW
RQWKHQXPEHURIVHOHFWHGURXWHVZKHUHDVWKHFRQVWUDLQWLPSRVHVDQXSSHUERXQGRQȌ2QWKHRWKHUKDQG
IRUDJLYHQYDOXHRIȝ3HQVXUHVWKHVDWLVIDFWLRQRIDQXSSHUOLPLWRQFLPSRVLQJPLQLPL]LQJDQG
LQWURGXFLQJWKHIROORZLQJFRQVWUDLQWRQWKHYDOXHRIF


7KHFRPSOHWHDOJRULWKPLVRXWOLQHGLQWKHIROORZLQJVFKHPH
6WHS3RSXODWHȍ
6WHS)RUHDFKȝ> PP @ 
6WHS)RUHDFK @> <<H )Å2SWLPL]H3
6WHS)RUHDFK @> FFH  )Å2SWLPL]H3
6WHS)Å5HPRYHWKHGRPLQDWHGVROXWLRQV
ZKHUH)FRQWDLQVWKHQRQGRPLQDWHGVROXWLRQVDQGDSSUR[LPDWHVWKH(IILFLHQW3DUHWRIURQW,WLVZRUWKQRWLQJWKDW
ȍFRQWDLQVDOVRWKHVLQJOHWRQVWKDWLVURXWHVLQZKLFKRQO\RQHFRXSOHSLFNXSGHOLYHU\LVVHUYHG7KLVHQVXUHV
WKDWDIHDVLEOHVROXWLRQFDQEHDOZD\VIRXQG7KHYDOXHRIȝYDULHVLQLWVUDQJHZLWKVWHSHTXDOWR)LQDOO\ H DQG
H DUHYDULHGLQWKHLUUDQJHVE\DVWHSHTXDOWRVLQFHWKLVYDOXHHQVXUHVWKDWDVHTXHQFHRIFRQVWUDLQSUREOHPV
JHQHUDWHVRQH IHDVLEOH VROXWLRQ IRUHDFKSRLQWRI WKH3DUHWR IURQW 7KHRUHPRI%HUXEH*HQGUHDXDQG3RWYLQ

 
&RPSXWDWLRQDOUHVXOWV
7KHSURSRVHGDSSURDFKKDVEHHQLPSOHPHQWHGLQ-DYDDQGDOO WKHRSWLPL]DWLRQPRGHOVKDYHEHHQVROYHGE\
XVLQJ,/2*&3/(;OLEUDU\UHOHDVH7KHH[SHULPHQWVKDYHEHHQFDUULHGRQDFOXVWHURI3HQWLXPPDFKLQHV
HDFKVXSSRUWHGE\,QWHO5;HRQ5SURFHVVRUWHFKQRORJ\;DQGFORFNHGDW*+]ZLWKDWRWDOO\*%
5$07KHFRPSXWDWLRQDODQDO\VLVKDVEHHQSHUIRUPHGLQWZRVWHSV)LUVWO\DQDFFXUDWHDQGLQWHQVLYHVHQVLWLYLW\
DQDO\VLVKDVEHHQSHUIRUPHGRQWKHSURSRVHGPRGHO²E\SURSHUO\YDU\LQJįDQGLIRUHDFKYHUWH[LLQ
RUGHU WRDQDO\]H WKHLUHIIHFWVRQ WKHSHUIRUPDQFHV$FFRUGLQJ WR WKHREWDLQHGUHVXOWVZHFDQFRQFOXGH WKDW WKH
PRGHO LV PRUH VHQVLEOH WR L 7KHQ D VHW RI LQVWDQFHV DYDLODEOH DW
KWWSZZZVLQWHIQR3URMHFWZHE7233'37:/L/LPEHQFKPDUN KDV EHHQ WDNHQ LQWR FRQVLGHUDWLRQ/5
/5/5/5/5/5 DQG/5& $OO WKHVH LQVWDQFHV SUHVHQW D IOHHW RI  YHKLFOHV ZKRVH
FDSDFLW\ LV HTXDO WR0RUHRYHU WKHYDOXHRI _1_ LV VSHFLILHG LQ7DEOH IRUHDFK LQVWDQFHDQG WKHGLVWDQFH
EHWZHHQWZRQRGHVLVFRPSXWHGE\XVLQJWKH(XFOLGHDQPHWULF,QWKHVDPHWDEOHWKHQXPEHURIIHDVLEOHURXWHV
JHQHUDWHG IRU HDFK LQVWDQFH LV DOVR JLYHQ 6LQFH DW WKH EHVW RI RXU NQRZOHGJH02093'37: KDV QRW EHHQ
SUHYLRXVO\DQDO\]HGLQWKHOLWHUDWXUHZLWKUHIHUHQFHWRRXUREMHFWLYHV WKH(IILFLHQW3DUHWR)URQWVDUHXQNQRZQ
7KLV FRQVHTXHQWO\ SUHYHQWV XV WR DSSO\ PHWULFV JHQHUDOO\ XVHG WR PHDVXUH WKH H[WHQW RI FRQYHUJHQFH WR WKH
(IILFLHQW2SWLPDO6HW7KHUHIRUHLQRUGHUWRFRQFOXGHDERXWWKHTXDOLW\RIRXUPHWKRGWKH6SUHDGKDVEHHQXVHG
DVDPHWULF,WKDVEHHQLQWURGXFHGLQ'HEDQGJLYHQDVROXWLRQ6ROLWLVGHILQHGDV



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